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Hardness (g)Abstract A new Schiff base of S-benzyldithiocarbazate has been synthesized by the 1:1 condensa-
tion of 4-NN biscynodiethylaminobenzaldehyde and S-benzyldithiocarbazate. The structure of
Schiff base was determined by FT-IR and 1H NMR spectroscopic data. The synthesized Schiff base
molecule has been subjected to theoretical studies by using semi-empirical AM1 and PM3 quantum-
chemical methods. The molecular geometry, vibration frequencies, HOMO–LUMO energy gap,
molecular hardness (g), ionization energy (IE), electron afﬁnity (EA), total energy and dipole
moment were analyzed. The experimental results of the compound have been compared with
theoretical results and it is found that the experimental data show good agreement with calculated
values.
ª 2014 Production and hosting by Elsevier B.V. on behalf of King Saud University. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/3.0/).1. Introduction
S-alkyl/aryl dithiocarbazate and it Schiff bases have been
extensively studied over last decade (Ray et al., 2007; Ali
et al., 2008; Singh et al., 2010). The attention on thesecompounds arose mainly due to their potential biological
activities (Hossian et al., 1993; Morya et al., 2003; Pavan
Fernando et al., 2008). However, no theoretical study on this
Schiff base has been reported in the literature so far. Now,
the computational chemistry becomes an indispensable tool
for theoretical studies of molecules in organic chemistry and
related ﬁelds (Rogers, 2003; Jensen, 2007; Bouklah et al.,
2012; Kumar et al., 2013; Serda et al., 2013). Recently Patil
and co-workers have studied the synthesis, photo-physical
and DFT studies of ESIPT inspired novel 2-(20,40-dihydroxy-
phenyl) benzimidazole, benzoxazole and benzothiazole. They
have showed absorption–emission characteristic for the mole-
cules as a function of pH and reported good agreementinophe-
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Figure 1 Tautomeric forms of the S-benzyl b-N-(4-NN biscyn-
odiethylaminophenylmethylene)dithiocarbazate (1a; thione form
and 1b; thiol form).
Table 1 Calculated bond lengths and bond angles of S-benzyl b-
Schiff base by AM1 and PM3 semi-empirical methods.
Bond lengths (A˚)
Exp. AM1 PM3
C1AC2 1.388 1.39972 1.39857
C2AC3 1.367 1.38963 1.3875
C3AC4 1.402 1.41549 1.40245
C4AC5 1.377 1.41887 1.40559
C5AC6 1.374 1.38692 1.38415
C1AC6 1.440 1.40290 1.40082
C4AN7 1.443 1.40557 1.43884
N7AC8 1.388 1.44101 1.48142
N7AC12 1.367 1.44287 1.48222
C8AC9 – 1.53779 1.53292
C9AC10 – 1.44427 1.44657
C10AN11 – 1.16287 1.15885
C12AC13 – 1.53784 1.5332
C13AC14 – 1.44150 1.44634
C14AN15 – 1.62920 1.15887
C1AC16 – 1.46266 1.46169
C16AN17 1.274 1.38780 1.30257
N18AC19 1.324 1.39129 1.40202
C19AS20 1.611 1.59219 1.63593
C19AS21 1.742 1.71605 1.76977
S21AC22 1.817 1.77184 1.83194
C22AC23 1.498 1.47839 1.48631
C23AC24 1.373 1.40083 1.39728
C24AC25 1.405 1.39398 1.38993
C25AC26 1.344 1.39446 1.39112
C26AC27 1.328 1.39522 1.39106
C27AC28 1.368 1.39308 1.38975
C23AC28 1.360 1.40134 1.39690
– – – –
– – – –
– – – –
Correlation coeﬃcient (cc) 0.951 0.962
Validation between experimental and theoretical results has been given i
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2013). El-Sheshtawy and Abou Baker have also compared
experimental photophysical properties with the computed val-
ues (El-Sheshtawy et al., 2014).
Semi-empirical computational methods have been widely
applied for theoretical investigations of various organic mole-
cules (Hameed, 2005, 2006; Matos et al., 2013; Cojocaru et al.,
2013; Arora et al., 2011; Singh et al., 2012, 2013). These meth-
ods use a simpler Hamiltonian than the correct molecular
Hamiltonian and are based on parameters whose values are
adjusted to ﬁt experimental data. Semi-empirical methods are
advantageous over ab initio methods for study of medium
and large molecules as these methods in general do not make
use of symmetry in SCF cycles in economizing the CPU time.
Several semi-empirical two-electron MO generalizations
were developed that are applicable to both planer and non-
planer molecules. The CNDO (Complete Neglect of Differen-
tial Overlap) and INDO (Intermediate Neglect of Differential
Overlap) methods treat only the valence electrons precisely.
(Pople et al., 1967). The NDDO (Neglect of Diatomic
Differential Overlap) is an improvement on INDO in which
differential overlap is neglected only between atomic orbitals
centered on different atoms (Pople and Segal, 1965). DewarN-(4-NN biscynodiethylaminophenylmethylene)dithiocarbazate
Bond angles ()
Exp. AM1 PM3
C1AC2AC3 121.9 120.918 120.401
C2AC3AC4 121.3 121.092 120.532
C3AC4AC5 116.8 117.422 118.952
C4AC5AC6 120.9 120.852 120.304
C2AC1AC6 – 118.492 119.148
C3AC4AN7 121.3 121.900 120.863
C4AN7AC8 120.3 119.816 118.246
N7AC8AC9 – 116.217 115.802
C8AC9AC10 – 110.287 110.343
C9AC10AN11 – 179.514 179.661
C5AC4AN7 121.9 120.569 119.955
C4AN7AC12 – 119.289 117.544
N7AC12AC13 – 115.747 115.373
C12AC13AC14 – 110.296 110.388
C13AC14AN15 – 179.504 179.726
C2AC1AC16 – 122.970 122.592
C6AC1AC16 – 118.530 118.258
C16AN17AN18 114.0 121.017 120.963
N17AN18AC19 122.4 122.378 120.050
N18AC19AS20 120.5 119.251 118.199
N18AC19AS21 114.6 115.401 116.247
S20AC19AS21 124.0 125.348 125.535
C19AS21AC22 102.4 104.103 104.747
S21AC22AC23 107.6 112.403 113.334
C22AC23AC24 122.2 120.141 119.970
C23AC24AC25 120.0 120.166 119.964
C24AC25AC26 120.0 120.197 120.206
C25AC26AC27 120.6 119.865 119.943
C26AC27AC28 119.8 120.144 120.031
C27AC28AC23 122.8 120.231 120.031
C24AC23AC28 – 119.396 119.699
0.920 0.920
n terms of correlation coefﬁcients (cc).
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Figure 2 Optimized molecular structure of S-benzyl b-N-(4-NN biscynodiethylaminophenylmethylene)dithiocarbazate.
Synthesis of a new Schiff base of S-benzyldithiocarbazate 3and co-workers devised several semi-empirical SCF MO theo-
ries that closely resemble the INDO and NDDO methods.
Austin Model 1 (AM1) an improved version of MNDO has
been parameterized for H, B, Al, C, Si, Ge, Sn, N, P, O, S,
Cl, I, Zn, and Hg atoms (Dewar and Thiel, 1985; Dewar and
Yuan, 1990). AM1 is re-parameterized to give the PM3
method (Parametric method 3). PM3 has been parameterized
for H, C, Si, Ge, Sn, Pb, N, P, As, Sb, Bi, O, S, Se, Te, F,
Cl, Br, Al, Ga, In, Tl, Be, Mg, Zn, Cd and Hg atoms. Semi-
empirical methods are widely available in many programs/
packages like MOPAC, Gaussian, Hyperchem, Chemofﬁce,
etc.
In this study, we report the synthesis and characterization
of S-benzyl b-N-(4-NN biscynodiethylaminophenylmethyl-
ene)dithiocarbazate and theoretical investigations like, molec-
ular geometry, vibrational spectra, HOMO–LUMO energy
gap, molecular hardness (g), ionization energy (IE), electron
afﬁnity (EA), total energy and dipole moment.
2. Experimental
All the chemicals and solvents were of analytical grade and
were used as received. The FT-IR spectrum in KBr pellets
(500–4000 cm1) was recorded using an FT-IR spectropho-
tometer Shimadzu 8201 PC Perkin. The 1H NMR spectrum
in CDCl3 was recorded on Bruker DRX-300 FT NMR.
All these measurements were done at Sophisticated Analyti-
calInstrument Facility (SAIF), CDRI, Lucknow, India.1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9
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Figure 3 Graphical correlations between the experimental and calc
ophenylmethylene)dithiocarbazate obtained by semi-empirical AM1 a
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ature (Tarafedr et al., 2000).
2.1. Synthesis of S-benzyl b-N-(4-NN
biscynodiethylaminophenylmethylene)dithiocarbazate
A solution of SBDTC (1.98 g, 0.1 mol) in absolute ethanol
(40 ml) was added to an equimolar solution of 4-NNbiscynodi-
ethylaminobenzaldehyde in 50 ml of the same solvent. The
mixture was heated on a steam bath for 10 min. and then
cooled to 0 C in an ice bath. Precipitated Schiff base was ﬁl-
tered, washed with cold ethanol and dried in vacuum over sil-
ica gel. Yield: 52%. Melting point 176 C, FT-IR (KBr),
t cm1: 3105.2 m, 2970.2 m (NAH), 1593.1 s (C‚N), 1508.2
m (C‚C), 1353.9 s (CAN), 1315 m, , 1184.2 m, 1091.6 m
(NAN), 1026.1 s (C‚S), 810.0 m (NACAS), 709.8 w, 644.2
w, 624.9 w, 1H NMR (CDCl3), d: 1.2 (s, 1H), 2.6 (t, 4H), 3.8
(t, 4H), 4.5 (s, 2H), 6.6–8.0 (m, 9H). Elemental analysis: Calcu-
lated for C21H21N5S2: C, 61.90; H, 5.16; N, 17.15%. Found: C,
61.85; H, 5.20; N, 17.15%.
2.2. Computational details
Intel based Pentium IV, 630, HT3.2 machine having 800 FSB,
1 GB RAM, 7200 rpm HDD was used to run all the calcula-
tions. Semi-empirical AM1 and PM3 quantum chemical calcu-
lations were carried out by the HyperChem 8.0 Molecular
Modeling program (Stewart et al., 1990) with root mean1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9
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Figure 4 Graphical correlations between the experimental and calculated bond angles of S-benzyl b-N-(4-NN biscynodiethylamin-
ophenylmethylene)dithiocarbazate obtained by semi-empirical AM1 and PM3 methods (cc = correlation coefﬁcient).
Table 2 Experimental and calculated IR fundamental vibra-
tion modes for S-benzyl b-N-(4-NN biscynodiethylaminophe-
nylmethylene)dithiocarbazate Schiff base obtained by AM1
and PM3 semi-empirical methods.
Experimental AM1 PM3
528.5 562.8 536.8
563.2 599.4 561.1
624.9 626.9 589.5
644.2 653.5 614.1
709.8 735.7 760.6
763.8 811.4 799.0
810.0 967.5 840.0
844.8 882.7 858.9
914.2 961.9 952.9
986.2 1003.7 989.8
1002.9 1043.4 996.7
1026.1 1086.7 1027.1
1091.6 1100.8 1034.5
1184.2 1172.7 1086.2
1215.1 1202.7 1151.2
1242.1 1256.6 1163.6
1315.9 1341.8 1233.4
1353.9 1366.1 1275.0
1419.5 1406.8 1343.7
1454.2 1477.9 1403.6
1508.2 1518.3 1464.1
1554.5 1775.8 1516.3
1593.1 1624.7 1536.2
1685.7 1696.7 1638.3
1747.4 1782.4 1782.8
2850.6 2073.4 2802.4
2970.2 3004.6 2805.5
3105.2 3191.5 3029.8
Correlation coeﬃcient (cc) 0.972 0.998
Validation between experimental and theoretical results has been
given in terms of correlation coefﬁcients (cc).
4 R. Singh et al.square (RMS) gradient 0.1 kcal/ mol using Polak–Ribiere
algorithm. All the parameters were allowed to relax and all
the calculation converged to an optimized geometry, which
corresponds to a true energy minimum, as revealed by the lack
of imaginary values in the wave number calculations. The
Cartesian representation of the theoretical force constants
have been computed at the fully optimized geometry by assum-
ing that the molecule belongs to C1 point group symmetry.Please cite this article in press as: Singh, R. et al., Synthesis, spectral studies and qua
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The S-benzyl b-N-(4-NN biscynodiethylaminophenylmethyl-
ene)dithiocarbazate has a thione group (C‚S) and a proton
adjacent to the thione group. It has been stated that the thione
group (C‚S) is relatively unstable in monomeric form and
tends to form a more stable CAS single bond by enethioliza-
tion, if there is at least one hydrogen atom adjacent to the
thione (C‚S) bond (Mayer, 1967). The IR spectrum of the
S-benzyl b-N-(4-NN biscynodiethylaminophenylmethyl-
ene)dithiocarbazate does not display t(SAH) at ca.
2570 cm1, but t(NAH) modes are present at ca. 3105 and
2970 cm1, indicating that the thione form predominates in
the solid state. The 1H NMR spectrum of the Schiff base in
CDCl3 exhibits the ASH proton signal at 1.2 ppm. No signal,
not even a weak one at 13.0 ppm, attributable to ANH pro-
ton, is observed in the 1H NMR spectrum of the Schiff base,
indicating that in solution it exists as a thiolo tautomeric form
(Fig. 1).
3.1. Optimized structure
Since the molecular parameters are controlled by the molecu-
lar geometry, the crucial step for the calculation of IR spectra
is the geometry optimization of the molecule. The optimized
structural parameters such as bond length and bond angle of
S-benzyl b-N-(4-NN biscynodiethylaminophenylmethyl-
ene)dithiocarbazate calculated by semi-empirical AM1 and
PM3 methods are presented in Table 1 in accordance with
atom numbering schemes given in Fig. 2. The crystal structure
of the exact title Schiff base is not available till now, the opti-
mized structure can only be compared with similar Schiff base
of dithiocarbazate for which crystal structure has been solved
along with complete optimized bond lengths and bond angles
(Fun et al., 1995). Some experimental results of the similar
Schiff base are also included in Table 1 for comparison. Opti-
mized structure yields fairly accurate bond length pairs for the
bonds C1AC2, C2AC3, C3AC4, C5AC6, C1AC6, C2AN7,
N17AN18, N18AC19, C19AS20, C19AS21, S21AC22,
C22AC23, C23AC24, C24AC25, C26AC27, C27AC28 and
C23AC28 at semi-empirical level of calculations. The values
of bond lengths N7AC8, N7AC12, and C16AN17 are greater
than experimental values. The increases in bond lengths are
due to the presence of bulky groups on N7. The entire bond
angles except C16AN17AN18 and S21AC22AC23 deviated
by <2 compared to experimental data computed at AM1
and PM3 semi-empirical methods which disclosed that bothntum-chemical investigations on S-benzyl b-N-(4-NN biscynodi ethylaminophe-
rg/10.1016/j.arabjc.2014.10.022
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Figure 5 Graphical correlations between the experimental and calculated vibration frequencies of S-benzyl b-N-(4-NN biscynodieth-
ylaminophenylmethylene)dithiocarbazate obtained by AM1 and PM3 semi-empirical methods (cc = correlation coefﬁcient).
Figure 6 Scan copy of the experimental IR spectrum of S-benzyl b-N-(4-NN biscynodiethylaminophenylmethylene)dithiocarbazate.
Table 3 Experimental and calculated IR spectral frequencies of S-benzyl b-N-(4-NN biscynodiethylaminophenylmethylene)dithioc-
arbazate Schiff base obtained by AM1 and PM3 semi-empirical methods with their assignments.
Experimental (t in cm1) Calculated in (t in cm1) Assignments
AM1 PM3
3105.2 m 3191.5 3029.8 t(NAH) stretching vibration
2970.2 m 3004.6 2805.5
1593.1 s 1624.7 1536.2 t(C‚N) coupled with NAH in plane and t(C‚C) aromatic ring
1508.2 m 1518.3 1464.1
1353.9 s 1366.1 1275 t(CAN) stretching vibration/CAH bending of p-ethylamino substituent
1315 m 1341.8 1233.4
1184.2 m 1172.7 1086.2 NAH out of plane
1091.6 m 1100.8 1034.5 t(NAN) stretching vibration
1026.1 s 1086.7 1027.1 t(C‚S) stretching vibration
810.0 m 867.5 840.0 t(NACAS) stretching vibration
709.8 w 735.7 760.6 Out of plane ring deformation mode
644.2 w 653.5 614.1 Out of plane bending of ring
624.9 w 626.9 589.5
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Table 4 Comparison of HOMO–LUMO energy, hardness
(g), ionization energy (IE), electron afﬁnity (EA), total energy
and dipole moment of S-benzyl b-N-(4-NN biscynodiethylam-
inophenylmethylene)dithiocarbazate obtained by semi-empiri-
cal AM1 and PM3 methods.
Energies AM1 PM3
–CHOMO (eV) 8.631368 8.8867369
–CLUMO (eV) 1.046407 1.605004
–CHOMO––CLUMO (eV) 7.584898 7.2817329
Hardness(g) =½(HOMO  LUMO) 3.792449 3.6408665
IE = –CHOMO 8.631368 8.8867369
EA= –CLUMO 1.046407 1.605004
Total energy (au) 161.619377 146.6506248
Dipole moment (Debyes) 1.914 2.157
6 R. Singh et al.the methods are good to reproduce the bond angles. The most
suitable method was found by plotting the experimental values
versus calculated values and the obtained correlation coefﬁ-
cients were analyzed (Fig. 3). For bond length, the correlation
coefﬁcients obtained for AM1 and PM3 methods were 0.951
and 0.962 respectively. It was evident that PM3 method gave
more satisfactory correlation coefﬁcient (cc = 0.962) between
experimental and calculated bond lengths. In the case of bond
angles, both the methods gave same correlation coefﬁcient
(cc = 0.920). From the theoretical values, it was found that
most of the optimized bond angles are slightly larger than
the experimental values. It is due to the fact that theoretical
calculations of the molecules are performed in gaseous phase
and the experimental results of molecules are recorded in solid
phase. In spite of the differences, calculated geometric param-
eters represent a good approximation and they are the basis for
calculating other parameters such as vibration frequencies and
thermodynamic properties (see Fig. 4).Figure 7 Molecular orbital surface and HOMO–LUMO energy
ene)dithiocarbazate obtained by AM1 semi-empirical method.
Please cite this article in press as: Singh, R. et al., Synthesis, spectral studies and qua
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Harmonic vibrational frequencies of the title Schiff base were
calculated using the semi-empirical AM1 and PM3 methods.
Some observed and calculated frequencies in the infrared spec-
tra of the title Schiff base are shown in Table 2. Because of both
symmetry and large size of the system, many vibrations are dif-
ﬁcult to describe, in particular those involving the coupled
movement of several parts of groups. Some vibrations identi-
ﬁed in the solid phase experimental spectra could not be iden-
tiﬁed in the simulated counterpart and therefore, have been
omitted. The differences between calculated and experimental
frequencies are due to anharmonicity, intermolecular interac-
tion, an approximation treatment of electron correlation effects
and the limited basis sets. To examine the usefulness of the cal-
culation method for IR, a linearity between the experimental
and calculated wave numbers has been derived by plotting
the calculated versus experimental wave numbers and
analyzing correlation coefﬁcient value (Bingham et al., 1975).
Graphical correlation between experimental and calculated
fundamental vibration frequencies are presented in Fig. 5.
The correlation coefﬁcient (cc) values obtained for AM1 and
PM3 semi-empirical methods are 0.972 and 0.998 respectively.
It is evident that PM3 semi-empirical method gives more satis-
factory correlation (cc = 0.998) between experimental and cal-
culated vibration frequencies. In addition the important IR
frequencies with their assignments are shown in Table 3. How-
ever, the scan copy of the experimental IR spectrum of S-benzyl
b-N-(4-NN biscynodiethylaminophenylmethylene)dithiocar-
bazate Schiff base is also presented in Fig. 6.
3.3. Frontier molecular orbital analysis
The frontier orbitals (HOMO and LUMO) of the chemical spe-
cies are very important in deﬁning its reactivity (Fukui et al.,gap for S-benzyl b-N-(4-NN biscynodiethylaminophenylmethyl-
ntum-chemical investigations on S-benzyl b-N-(4-NN biscynodi ethylaminophe-
rg/10.1016/j.arabjc.2014.10.022
Figure 8 Molecular orbital surface and HOMO–LUMO energy gap for S-benzyl b-N-(4-NN biscynodiethylaminophenylmethyl-
ene)dithiocarbazate obtained by PM3 semi-empirical method.
Synthesis of a new Schiff base of S-benzyldithiocarbazate 71952; Mendoza-Huizar and Rios-Reyes, 2011). Higher value of
HOMO of a molecule has a tendency to donate electrons to
appropriate acceptor molecule with low energy, empty
molecular orbitals. The highest occupied molecular orbital
(HOMO) energies, the lowest unoccupied molecular orbital
(LUMO) energies, hardness (g), ionization energy (IE), elec-
tron afﬁnity (EA), total energy and dipole moment have been
calculated and are given in Table 4. Based on AM1 and
PM3, optimized geometry, the total energy of the compound
has been calculated by these methods, which are 161.619377
and 146.6506248 au respectively. An electronic system with
a larger HOMO–LUMO gap should be less reactive than one
having smaller gap (Kurtaran et al., 2007). The ionization
energy (IE) can be expressed through HOMO orbital energies
as IE = –CHOMO and electron afﬁnity (EA) can be expressed
through LUMO orbital energies as EA = –CLUMO (Dixon
et al., 2003). The hardness (g) corresponds to the gap between
the HOMO and LUMO orbital energies. The larger the
HOMO–LUMO orbital energy gap, the harder the molecule.
The hardness has been associated with the stability of the chem-
ical system. In the present study, the HOMO–LUMO gap of
the molecule is 7.584898 and 7.2817329 eV for AM1 and
PM3 respectively as shown in Table 4, which clearly indicates
that the molecule is very stable. The ionization potential values
obtained by AM1 and PM3 theoretical methods also support
the stability of the title molecule. The calculated dipole moment
values show that the molecule is highly polar in nature. 3D
plots of the HOMO–LUMO and the corresponding energy
levels for the compound obtained by AM1 and PM3 semi-
empirical methods are shown in Figs. 7 and 8 respectively.
4. Conclusion
A new Schiff base of S-benzyldithiocarbazate was synthesized.
The IR spectrum of the Schiff base indicates that in solid statePlease cite this article in press as: Singh, R. et al., Synthesis, spectral studies and qua
nylmethylene)dithiocarbazate. Arabian Journal of Chemistry (2014), http://dx.doi.oit remains in the thione form, where the existence of thiolo tau-
tomeric form may be expected in solution. The synthesized
Schiff base has been subjected to theoretical studies using
AM1 and PM3 semi-empirical calculations on the molecular
geometry, atomic charges, dipole moment, vibration frequen-
cies, HOMO–LUMO energy gap, molecular hardness, ioniza-
tion energy and electron afﬁnity. The correlation coefﬁcients
for bond lengths for S-benzyl b-N-(4-NN biscynodiethylamin-
ophenylmethylene)dithiocarbazate Schiff base molecule are
0.951 and 0.962 for AM1 and PM3 methods respectively and
PM3 gives more satisfactory correlation. In the case of bond
angles, both the methods gave same correlation coefﬁcient
(cc = 0.920). A good linearity between calculated and
experimental vibration frequencies was also observed. Any
discrepancy noted between the observed and the calculated fre-
quencies is due to the fact that calculations have been actually
done on the single molecule in the gaseous state contrary to the
experimental values recorded in the presence of intermolecular
interactions. Therefore, the assignments made with minimal
basis set and reasonable deviations from the experimental val-
ues seem to be correct. The calculated HOMO–LUMO orbital
energies can be used to estimate the ionization energy, molec-
ular hardness and other physical parameters semi quantita-
tively. HOMO–LUMO energy gap, molecular hardness,
ionization energy, electron afﬁnity, total energy and dipole
moment are very important physical parameters for chemical
reactivity and biological activities of the studied compound.
Acknowledgments
Our sincere gratitude to The Director, Institute of Information
Technology and Management, Gwalior (India) for providing
laboratory facilities. Authors are also thankful to Dr. K.P.
Madhusudan, CDRI, Lucknow (India) for providing instru-
mentation facilities.ntum-chemical investigations on S-benzyl b-N-(4-NN biscynodi ethylaminophe-
rg/10.1016/j.arabjc.2014.10.022
8 R. Singh et al.References
Ali, M. Akbar, Abu Bakar, Hjh Junaidah Hj, Mirza, A.H., Smith, S.J.,
Gahan, L.R., Bernhardt, Paul V., 2008. Preparation, spectroscopic
characterization and X-ray crystal and molecular structures of
nickel (II), copper (II) and zinc (II) complexes of the Schiff base
formed from isatin and S-methyldithiocarbazate (Hisa-sme). Poly-
hedron 27, 71.
Arora, Kishor, Kumar, D., Burman, Kiran, Agnihotri, Sonal, Singh,
Bhoop, 2011. Theoretical studies of 2-nitrobenzaldehyde and
furan-2-carbaldehyde Schiff base of 2-amino pyridine. J. Saudi
Chem. Soc. 15, 161.
Bingham, Richard C., Dewar, Michael J.S., Lo, Donald H., 1975.
Ground states of molecules. XXV. MINDO/3. Improved version of
the MINDO semi-empirical SCF-MO method. J. Am. Chem. Soc.
97 (6), 1285.
Bouklah, Mohammed, Hark, Houria, Touzani, Rachid, Hammouti,
Belkheir, Harek, Yahima, 2012. DFT and quantum chemical
investigation of molecular properties of substituted pyrrolidinones.
Arabian J. Chem. 5, 163.
Cojocaru, Corneliu, Roteru, Alexandru, Harabgiu, Valeria, Sacarescu,
Liviu, 2013. Molecular structure and electronic properties of
pyridylindolizine derivative containing phenyl and phenacyl
groups: comparison between semi-empirical calculations and
experimental studies. J. Mol. Struct. 1034, 162.
Dewar, M.J.S., Thiel, W., 1985. Development and use of quantum
mechanical molecular models. AM1: a new general purpose
quantum mechanical molecular model. J. Am. Chem. Soc. 107,
3902.
Dewar, M.J.S., Yuan, Y.C., 1990. AM1 parameters for sulfur. Inorg.
Chem. 29, 3881.
Dixon, David A., Zhan, Chang-Guo, Nicholos, Jeffrey A., 2003.
Ionization potential, electron afﬁnity, electronegativity, hardness,
and electron excitation energy: molecular properties from density
functional theory orbital energies. J. Phys. Chem. A 107, 4184.
El-Sheshtawy, Hamdy S., Abou Baker, Ahmed M., 2014. Synthesis,
structural, theoretical studies and biological activities of 3-(aryla-
mino)-2-phenyl-1H-inden-1-one derivative. J. Mol. Struct. 1067,
225.
Fukui, K., Yonezaw, T., Shingu, 1952. A molecular orbital theory of
reactivity in aromatic hydrocarbons. J. Chem. Phys. 20, 722.
Fun, H.K., Sivakumar, K., Yip, B.C., Duan, Y.C., Lu, Z.L., You,
Y.Z., 1995. Benzyl 3-(4-dimethylaminobenzylidene)dithiocarbaz-
ate. Acta Crystallogr., C 51, 2080.
Hameed, Ali Jameel, 2005. Theoretical investigation of para-substi-
tuted phenyl selenobenzoates. Theochem (1–3), 728.
Hameed, Ali Jameel, 2006. Theoretical investigation of a phthalocy-
anine–fulleropyrrolidine adduct and some of its metallic complexes.
Theochem (1–3), 764.
Hossian, Mir Ezharul, Bengum, Jairpa, Nurul Alam, Mohammad,
Nazimuddin, Mohamed, Akbar Ali, Mohammad, 1993. Synthesis,
characterization and biological activities of some nickel (II)
complexes of tridentate NNS ligand formed condensation of 2-
acetyl- and 2-benzoylpyridine with S-alkyldithiocarbazate. Transi-
tion Met. Chem. 18 (5), 497.
HyperChem Professional Release 8.0 for window molecular model-
ing system, dealer: copyright ª 2002 Hypercube Inc.
Jensen, Frank, 2007. Introduction to Computational Chemistry using
PC. Wiley Publisher, The Atrium, Southern Gate, Chichester, West
Sussex.
Kumar, V. Vasantha, Goud, S.L., Rao, J. Laximikant, 2013. Ab initio
and density functional theory studies on vibrational spectra of 3-
hydroxy-3(2-methyl-1H-indol-3-yl)indolin-2-one. Spectrochim.
Acta Part A, Mol. Biomol. Spectrosc. 103, 304.
Kurtaran, Raif, Odabasıog˘lu, Sinem, Azizoglu, Akin, Kara, Hu¨lya,
Atakol, Orhan, 2007. Experimental and computational study onPlease cite this article in press as: Singh, R. et al., Synthesis, spectral studies and qua
nylmethylene)dithiocarbazate. Arabian Journal of Chemistry (2014), http://dx.doi.o[2,6-bis(3,5-dimethyl-N-pyrazolyl)pyridine]-(dithiocyanato)mer-
cury(II). Polyhedron 26, 5069.
Matos, Maria J., Vilar, Santiage, Tatonetti, Nocholas P., Santana,
Lourdes, Uriarte, Eugenio, 2013. Comparative study of the 3-
phenylcoumarin scaffold: synthesis, X-ray structural analysis and
semiempirical calculations of a selected series of compounds. J.
Mol. Struct. 1050, 185.
Mayer, R., 1967. Organosulphur Chemistry (Edited by Janssen, M.J.),
21, Interscience, New York, 42, 17.
Mendoza-Huizar, Luis Humberto, Rios-Reyes, Clara Hilda, 2011.
Chemical reactivity of atrazine employing the Fukui function. J.
Mex. Chem. Soc. 55 (3), 142.
Morya, M.R., Khurana, S., Shailendra, S., Azam, A., Zhang, W.,
Rehdar, D., 2003. Synthesis, characterization and antiamoebic
studies of dioxovanadium(V) complexes containing ONS donor
ligands derived from S-benzyldithiocarbazate. Eur. J. Inorg.
Chem., 1966.
Patil, V.S., Padalkar, V.S., Tathe, A.B., Gupta, V.D., Sekar, N., 2013.
Synthesis, photo-physical and DFT studies of ESIPT inspired novel
2-(20,40-dihydroxyphenyl) benzimidazole, benzoxazole and benzo-
thiazole. J. Fluoresc. 23 (5), 1019–1029.
Pavan Fernando, R., da S. Maia, Pedro I., Leite, Sergio R.A., Deﬂon,
Victor M., Batista, Alzir A., Sato, Daisy N., Franzblau, Scott G.,
Leite, Clarice Q.F., 2008. Thiosemicarbazones, semicarbazones,
dithiocarbazates and hydrazide/hydrazones: anti-Mycobacterium
tuberculosis activity and cytotoxicity. Polyhedron 27 (17), 3433.
Pople, J.A., Segal, G.A., 1965. Approximate self consistent molecular
orbital theory. II. Calculations with complete neglect of differential
overlap. J. Chem. Phys. 43, S136.
Pople, J.A., Biveridge, D.L., Bobosh, P.A., 1967. Approximate self
consistent molecular orbital theory. Intermediate neglect of differ-
ential overlap. J. Chem. Phys. 47, 2026.
Ray, S., Mandal, T.N., Barik, A.K., Pal, S., Gupta, S., Hazara, A.,
Butcher, R.J., Hunter, A.D., Zeller, M., Kar, S.K., 2007. Metal
complexes of pyrimidine derived ligand – synthesis, characteriza-
tion and X-ray crystal structures of Ni(II), Co(III) and Fe(III)
complexes of Schiff base ligand derived from S-methyl/benzyl
dithiocarbazate and 2-S-methylmercapto-6-methylpyrimidine-4-
carbaldehyde. Polyhedron 26, 2603.
Rogers, Donald W., 2003. Computational Chemistry. Wiley-Inter-
science Publisher, New Jersey.
Serda, Maciej, Malecki, Jan G., Mrozek-Wilczkeiwicz, Anna, Musiol,
Robert, Polanski, Jaroslow, 2013. Microwave assisted synthesis, X-
ray crystallography and DFT calculations of selected aromatic
thiosemicarbazones. J. Mol. Struct. 1037, 63.
Singh, N.K., Tripathi, P., Bharty, M.K., Srivastava, A.K., Sanjay
Singh, , Butcher, R.J., 2010. Ni(II) and Mn(II) complexes of NNS
tridentate ligand N0-[(2-methoxyphenyl)carbonothioyl]pyridine-2-
carbohydrazide (H2mcph): synthesis, spectral and structural char-
acterization. Polyhedron 29 (8), 1993.
Singh, Rajeev, Kumar, D., Goswami, Y.C., Sharma, Ranjana, 2012.
Synthesis, spectral and quantum-chemical calculations on 5-
bromo-4-hydroxy-3-methoxy-2-nitro benzaldehyde Schiff base of
S-benzyldithiocarbazate. Asian J. Chem. 24 (12), 552.
Singh, Rajeev, Kumar, D., Singh, Bhoop, Singh, V.K., Sharma,
Ranjana, 2013. Molecular structure, vibrational spectroscopic and
HOMO, LUMO studies of S-2-picolyl-b-N-(2-acetylpyrrole) dith-
iocarbazate Schiff base by quantum chemical investigations. Res. J.
Chem. Sci. 3 (2), 79.
Stewart, J.J.P., Lipkowinz, K.B., Boyal, D.B. (Eds.), 1990. Reviews in
Computational Chemistry,, vol. 1. VCH, p. 45.
Tarafedr, M.T.H., Ali, A.M., Elias, Suhaimi, Course, Karen A.,
Silong, Sidik, 2000. Coordination chemistry and biological activity
of bidentate and quadridentate nitrogen–sulphur donor ligands and
their complexes. Transition Met. Chem. 25, 706.ntum-chemical investigations on S-benzyl b-N-(4-NN biscynodi ethylaminophe-
rg/10.1016/j.arabjc.2014.10.022
